A supplementary feeding and predator removal experiment was conducted on the hen harrier population on West Mainland, Orkney, to test whether increased predation pressure or shortage of food was responsible for the poor breeding success and potentially the decline of this population. Although numbers of crows appeared to have increased since 1983, the removal of hooded crows from breeding territories of male harriers had no detectable effect on any of the breeding parameters measured. The provision of supplementary food to male harriers significantly increased their numbers of breeding females, but had no detectable effect on either lay date, clutch size or hatching success. Results suggest that the current low levels of polygyny are a consequence of a shortage of food during the pre-lay period. Conservation management for this species should therefore be directed towards increasing the harriers' food supply, especially during the pre-lay period.
INTRODUCTION
The hen harrier (Circus cyaneus) is a scarce bird of prey in Britain. It is legally protected at a national level, through Schedule 1 of the Wildlife and Countryside Act 1981, and at a European level through the EC birds directive (79/409/EEC) which requires protection of the species to ensure survival and reproduction throughout its distribution. At the start of the twentieth century, the hen harrier became virtually extinct as a breeding species on mainland Britain owing to human persecution. During this time the Orkney Islands acted as an important refuge for the species and birds from this population are thought to have helped recolonize the British mainland in the 1930s and 1940s (Watson, 1977) . Although the Orkney Islands were once the British stronghold for this species, the population here has now declined dramatically (Meek et al., 1998) . Since the 1970s, numbers of males and females have declined by around 70% and productivity has decreased by 60% (Meek et al., 1998) .
Despite the legal protection afforded to hen harriers they are still subject to considerable human persecution in Britain (Etheridge, Summers & Green, 1997) because they kill red grouse (Lagopus lagopus scoticus) and can reduce the numbers available to be shot in the autumn (Thirgood et al., 2000) . Human persecution can have a direct impact on both the numbers and the productivity of hen harriers (Etheridge et al., 1997) . However, persecution does not occur in Orkney, where commercial grouse shooting is absent (Meek et al., 1998) . It is likely, therefore, that other factors are responsible for the population's decline. Hen harriers on mainland Britain continue to be persecuted, therefore if Orkney is to act as a potential refuge in the future, the reasons for the decline here must be identified and the appropriate management strategies implemented.
Hen harriers in Orkney were found to be highly polygynous in previous studies (Balfour & Cadbury, 1979; Picozzi, 1984a,b) . It has been suggested that this high incidence of polygyny was due to a female-biased sex ratio in the adult population and an environment sufficiently rich in food to allow males to support more than one mate (Picozzi, 1984a,b) . One of the major features associated with the decline of this population is the considerable reduction in polygynous breeding. Picozzi (1984b) found that from 1976 to 1981, an average of 77% of adult males were polygynous breeders. Current levels of polygyny in Orkney are far lower (only 25% in 1998) and in some cases males fail to breed at all (A. Amar, unpubl. data) . Picozzi (1984a) considered that hooded crows (Corvus corone cornix) were the main predators of hen harrier eggs in Orkney. There are no red foxes (Vulpes vulpes) or mustelids on Orkney and the only potential mammalian predators are introduced feral cats (Felis catus), hedgehogs (Erinaceus europaeus) and brown rats (Rattus norvegicus) (Berry, 1985) . The latter two are not thought to pose a real threat, as hen harriers can probably defend their nests against these species and there is no indication that feral cat numbers have increased recently (E. R. Meek, pers. comm.) . Numbers of crows, however, are thought to have increased in Orkney over the last 20 years (E. R. Meek, pers. comm.) and, if this is the case, increased nest predation could be responsible for the hen harrier population decline.
Male hen harriers provide most of the food for the females during the pre-lay, incubation and early nestling stage (Watson, 1977) . Clutch formation is therefore largely dependent on males being able to provide sufficient food to females during the pre-lay period. Simmons et al. (1986) found close correlations between several breeding parameters, including the levels of polygyny, and the amount of food male northern harriers (Circus cyaneus hudsonius) supplied to females. Gorman & Reynolds (1993) have suggested that numbers of Orkney voles (Microtus arvalis orcadensis) have declined greatly in Orkney owing to the reclamation of natural habitats for farmland and the intensification of farming practices. These same factors are also likely to have affected the availability of other hen harrier prey, such as small passerines. The Orkney vole is an important prey item for hen harriers in Orkney during the winter (Picozzi & Cuthbert, 1982) , and their reduced availability and that of other species could therefore be responsible for the population's decline.
In this paper, we propose and test two hypotheses invoking factors that may limit breeding performance during the early breeding period. Breeding parameters investigated were the numbers of females breeding, lay date, clutch size and hatching success. We tested the hypotheses: (1) that an increase in hooded crows could be limiting, by investigating first whether crow numbers have increased and secondly whether reducing crow numbers in harrier nesting territories affects harrier breeding performance, and (2) that shortage of food during the early breeding period could be limiting, by providing supplementary food and examining its effect on harrier breeding performance.
METHODS

Study area and species
The Orkney Islands are located approximately 20 km off the north coast of mainland Scotland, UK (59°N, 3°W). This study was conducted on the Orkney Mainland where over 80% of the hen harrier population breeds. Hen harriers in Orkney nest on moorland and establish territories at the start of April. Males defend nesting territories against other males, and females have smaller territories within these, which they defend against other females (Picozzi, 1984a) . The same territories are used from year to year by males, though not necessarily the same male, and location of these territories appears to have been very similar over the past 25 years (N. Picozzi & E. R. Meek, pers. comm.).
Crow census
The only previous data available on the numbers of crows in Mainland Orkney come from a survey of shoreline birds conducted during the winter of 1983 (Summers et al., 1991) . We therefore partially repeated this survey following exactly the same methods. A total of 32 segments of shoreline, covering 65 km of the coast, close to moorland habitat, on Mainland Orkney was surveyed in 1999. Each segment of shoreline was on average 2.03 km long (range: 0.1 km-9.3 km). We conducted our surveys between 26 and 28 January 1999 and compared the numbers of crows from our survey with those of the 1983 survey from the original data (Summers & Underhill, 1985) .
Experimental design
Our experiment had three treatments: (1) a Removal group, where crows were removed from harrier territories; (2) a Fed group, where supplementary food was provided and crows were removed; (3) a Control group, where neither crow removal nor supplementary feeding occurred. Crows were removed from territories where food was provided because, during a previous short-term trial to provide supplementary food to hen harriers in Orkney, scavenging birds, mainly hooded crows, quickly removed all the food (A. Amar, unpubl. data.) . It was therefore considered necessary to remove crows from the Fed territories, to allow the harriers to obtain the supplementary food.
The experiment was conducted during 1999 and 2000, but we also used data from unmanipulated nests in 1998 to increase the sample size of the control group and to test for territory effects. Territories used in 1998 were randomly assigned to one of the three treatment groups in 1999 before the start of the breeding season. Subsequently in 2000, territories were randomly assigned to one of the other two treatments; this made it possible to include effects of year and territory in the analysis. In April 2000, one male from a Control territory was seen taking food from a Fed male's territory. This male was therefore included in the Fed group and provided with supplementary food thereafter. This was an isolated incident however, as males generally defended their territories from other males, and all other observations during the pre-lay period confirmed that only territorial males were taking the supplementary food. During the two years of the experiment, some territories were not occupied in some years and other previously unoccupied territories became occupied. When this occurred, occupied sites were allocated to the treatment group that had been assigned to the nearest unoccupied territory.
Supplementary feeding
Two 1.5 m high feeding posts with 0.5 m sections nailed across the top were placed, close to the male's centre of activity, in each Fed territory at the start of April. Supplementary food consisted mainly of dead day-old cockerel chicks but also some quarter pieces of rabbit (Oryctolagus cuniculus) or hare (Lepus europaeus). Food was placed at the feeding posts and also on the ground at likely perching places. In each year, food placement commenced in territories on 6 April and continued throughout the incubation period. During 1999, the average numbers of chicks provided in each fed territory per day was seven and five for April and May respectively. During 2000, this was increased to 11 and 20 for April and May respectively. Fed territories were watched after food placement and any food seen removed was recorded as well as the species removing it. From these watches, we could confirm that at least seven of the 11 fed males took food during either the pre-lay or incubation period.
Crow removal
Crows were removed from territories using Larsen traps (Hudson & Newborn, 1995) , baited with dead day-old cockerel chicks and containing live decoy crows which were trapped previously using traps with only rabbit bait. The Larsen traps were operated under a general licence from the Scottish Executive (SEGEN/01) with the legal requirement that each trap is checked daily to remove trapped crows and ensure that the decoys have fresh food and water. All trapped crows and decoys were killed by having their necks broken. In Fed territories, traps were placed within 500 m of the feeding posts, and for the Removal territories they were located within 500 m of the centre of the male's activity. In both years trapping commenced at the first site on 6 April and at all sites by 12 April in 1999 and by 10 April in 2000. Trapping ceased at Fed territories on 12 May in both years and at Removal only territories on 13 June in 1999 and on 12 May in 2000.
To test the effectiveness of crow removal, we set up an artificial clutch predation experiment in 1999. We placed three clutches, each consisting of three chicken eggs, in the six original Removal territories and the six Control territories. Clutches were placed at distances of 250 m away from the crow traps in the removal territories and at 250 m from the centre of activity of the controls, or if the control territories were not occupied (n = 2), at 250 m from the centre of activity from the previous year. Locations of the clutches were chosen by randomly selecting three of the four cardinal directions and walking 250 m away from the trap (Removal) or the centre of activity (Control). Clutches were then placed on the ground in the nearest natural gap in the heather, which was not more than 0.5 m in diameter. These clutches were marked using a bamboo cane, placed in a random direction at a distance of 20 m from the artificial clutch. Artificial clutches were set out on either 6 or 7 June 1999 and checked daily for 8 days after placement to see whether they had been predated.
Monitoring of harrier numbers and breeding success
All harrier territories were watched throughout the pre-lay and laying period to count numbers of females associated with males and to find nests. Males were not individually marked, so synchronous watches by multiple observers were performed in adjacent valleys, sometimes communicating with the aid of short-wave radios. Using overlapping and sequential sightings of males, we were confident that we were able to ascertain which males were mated to which females. The maximum number of females associated with each male during the pre-lay period was based on courtship flights, birds perched together, food passes and nest building. The pre-lay period was defined as being from the start of April until the median lay date in each year. Thus in each year the number of associated females was examined during the same period for all males, including those which failed to breed at all. In this paper, breeding females were defined as those that were confirmed to have laid at least one egg. The breeding status of a female was classified as either monogamous, primary or secondary (including both second and third females). Polygynous females were classified according to lay date, with the earliest laying female in each harem being considered the primary female.
We attempted to visit nests before clutches were complete to ascertain lay date of the first egg. This was back calculated based on the assumption that the last egg was laid on the day of visit and that eggs were laid at 48-hour intervals (Watson, 1977) . If a clutch could not be assigned a lay date in this manner, then it was assigned a lay date based on the following order of preference: (1) from hatch date, if a clutch was found with eggs hatching or chicks aged 1-3 days old and back calculated based on an incubation period of 34 days, (2) from chick ages estimated from wing length measurements and compared with a growth curve of birds of known ages from another Scottish area (S. Redpath, unpubl. data) and (3) from the mean estimated hatch date derived from a nomogram, using the length, breadth and weight of the eggs (Green, 1984; Etheridge et al., 1997) . This last method gave reliable estimates in 1998 based on known and estimated hatch dates (r s = 0.96, n = 11, P = 0.001). If a clutch could not be assigned a lay date using any of these methods it was excluded from all analyses relating to lay date (n = 10). Repeat visits were also made after clutches were completed to determine clutch size. In 12 cases final clutch size was uncertain, so these data were excluded from all subsequent analysis relating to clutch size. We also recorded whether or not clutches hatched from visits to nests after hatch. All five relays after failure were excluded from analyses relating to any of the breeding parameters.
Statistical analysis
All statistical analysis were performed using SAS, Version 6.12 (SAS Institute, 1990 ) and all generalized linear mixed models were implemented using the GLIM-MIX macro (Littell et al., 1996) .
Comparison of crow numbers counted in 1983 and 1999 was analyzed using a generalized linear mixed model with a Poisson error structure and log link function, with stretch of coast set as a random term in the model and year as a fixed effect.
The data on survival of artificial clutches in the Removal and Control territories were well described by a binomial distribution as indicated by the coefficient of dispersion, which for the first day and last day of the experiment were close to one. Survival of artificial clutches was then analyzed using the LIFEREG procedure, with the random disturbance term taken from a Weibull distribution. Some clutches survived past the final day of the experiment and this right censoring of the data was incorporated into the model. The effect of experimental treatment on breeding parameters was analyzed using generalized linear mixed models, with the non-independent effects of the different male territories incorporated into the analysis as a random term in the model. Models were constructed using a backward elimination procedure, dropping the least significant term in the subsequent model, until only terms significant at the 10% level, using type III analyses, remained. Count data such as the maximum number of females associated per male and the number of breeding females per male were analyzed with a Poisson error structure and a log link function. Lay date and clutch size were analyzed with a normal error structure and an identity link function, and hatching success, a binary measure, was analyzed with a binomial error structure and a logit link function. All models had year and treatment as permanent fixed effects because 1998 lacked any data for Fed and Removal territories. For models analyzing breeding parameters determined at a female level, such as lay date, clutch size or hatching success, we also tested for the effect of female breeding status. All pair-wise comparisons were conducted in the GLIMMIX models, through t-tests of the differences in least square means (DLSM) and all analyses were corrected for over or under dispersion. For the models implemented using the GLIM-MIX procedure, denominator degrees of freedom were estimated, using Satterthwaite's formula (Littell et al., 1996) . Mean values are presented ± 1 SE throughout.
RESULTS
Crow numbers and removal
Crows wintering along the shoreline of Mainland Orkney appeared to have increased by 80% ± 97.5% (95% confidence interval) since 1983 (Fig. 1 ). There was a significant difference in the number of crows counted along the same segments of shoreline between the two survey periods (F 1,42 = 3.96, P = 0.05).
From 6 April until 12 May, a total of 56 (Mean per territory with 1 SE and sample size: 15.2 ± 2.22, n = 5) and 37 (9.3 ± 0.94, n = 4) crows were caught in the Removal territories in 1999 and 2000, respectively. Over the same period, a total of 161 (26.8 ± 2.97, n = 6) and 77 (15.4 ± 3.75, n = 4) crows were caught in the Fed territories in 1999 and 2000, respectively. Between 12 May and 13 June 1999, only Removal territories were trapped and 20 (4.0 ± 1.04, n = 5) crows were caught.
Artificial clutches were found to survive significantly better in the territories from which crows had been removed compared with the control territories (χ 2 = 7.44, P = 0.006) (Fig. 2) , suggesting that, in 1999 at least, we had been successful at reducing predation pressure in the Removal territories.
Experimental effects of treatment on breeding success
Numbers of associated and breeding females per male
The number of females associated with males during the pre-lay period varied significantly between years (F 2,29 = 10.12, P < 0.001), with more associations in 2000 than in 1998 (Difference in Least Square Means: P = 0.01) or 1999 (DLSM: P < 0.001). Experimental treatment, however, had no significant effect on the number of females associated with males (F 2,32 = 2.43, P = 0.10).
Despite the fact that the numbers of females associated with males did not vary between the treatment groups during the pre-lay period, treatment did have a significant effect on the number of females breeding per male (F 2,31 = 7.71, P = 0.002) (Fig. 3) , with Fed males having significantly more breeding females than 
Lay date, clutch size and hatching success
There appeared to be a trend for females mated with Fed males to lay earlier than either Controls or Removals (Fig. 4) . However, there was no significant effect of treatment on lay date (F 2,33 = 0.46, P = 0.63), nor was there any effect of year (F 2,27 = 1.68, P = 0.20). There was however a significant effect of female breeding status (F 2,32 = 3.22, P = 0.05), with primary females laying significantly earlier than monogamous females (DLSM: P = 0.02) and also possibly earlier than secondary females (DLSM: P = 0.08). Excluding secondary females from the analysis in order to compare first lay date on a male basis gave a similar result: there was again no significant effect of treatment (F 2,24 = 0.46, P = 0.63) nor of year (F 2, 24 = 1.72, P = 0.20) on lay date. However, as found previously, primary females laid significantly earlier than monogamous females (F 2,31 = 5.16, P = 0.03). So neither the provision of supplementary food nor the removal of crows significantly affected lay date.
There was no significant effect of treatment on clutch size (F 2,30 = 0.21, P = 0.81) (Fig. 5) , nor was there any effect of year (F 2,24 = 0.50, P = 0.61), and breeding status also had no significant effect on clutch size (F 2,29 = 1.42, P = 0.25).
Hatching success was also unaffected by treatment (F 2,38 = 0.87, P = 0.42). However, there was a significant effect of year (F 2,39 = 3.43, P = 0.04), with clutches more likely to hatch in 2000 than in 1999 (DLSM: P = 0.01). Breeding status of the female also significantly affected hatching success, with secondary females being significantly less likely to hatch a clutch successfully than either primary (DLSM: P = 0.01) or monogamous females (DLSM: P = 0.004). There were insufficient data to consider the interaction between female status and treatment on hatching success in the GLIMMIX model. However, if the hatching success of secondary females, mated with Fed and Control males, is pooled between all years, we find that hatching success of secondary females mated with Fed males was significantly higher than for Controls (Fisher's Exact Test = 0.045).
DISCUSSION
Effect of supplementary food on harrier breeding
The provision of supplementary food to male hen harriers increased their number of breeding females. This resulted from a reduction in the number of males failing to breed and also an increase in the amount of polygynous breeding. All Fed males were mated with at least one breeding female, whereas around 20% of both Control and Removal males had no breeding females. Over the two experimental years 36% of Fed males bred polygynously, including two cases of trigamy. In the other two groups there was only one case of polygyny, representing only 5% of unfed males.
Territorial polygyny in birds is rare (Lack, 1968; Møller, 1986) . Where it does occur, it is often associated with areas or years of high food abundance (Verner & Willson, 1966; Hamerstrom, Hamerstrom & Burke, 1985; Korpimäki, 1988) . For species in which breeding females are dependent on males for food, the association between territorial polygyny and food is often thought to result from conditions that allow males to support more than one breeding female (Orians, 1969) . In our study, similar numbers of females were associated with Fed males as were associated with males in the other two experimental groups, yet Fed males bred with significantly more females. This suggests that they were able to provision food at a sufficient level to allow more of their associated females to breed. These results are consistent with findings of correlative studies of northern harrier populations (Hamerstrom et al., 1985; Simmons et al., 1986) , whose main prey, Microtus voles, undergo large cyclic fluctuations in abundance. The highest levels of harrier polygyny were associated with years of high Microtus abundance. Simmons et al. (1986) suggested that polygynous breeding by northern harriers was only possible when males were able to supply food to secondary females above a certain threshold rate during the pre-lay period. This therefore indicates that in Orkney there is currently insufficient food available to harriers during the pre-lay period to allow many of the polygynous associations to be expressed as polygynous breeding. Picozzi (1984a,b) proposed that the high incidence of polygyny in Orkney was due to the female biased sex ratio. We found that current natural levels of polygyny in Orkney were very low compared with previous studies, yet the adult population had a similar female sex bias. This, together with the result of our supplementary feeding experiment, suggests that it is food levels, and not skewed sex ratios, which are of ultimate importance in influencing levels of polygynous breeding in Orkney. However, in another supplementary feeding experiment on a population of hen harriers in Langholm, Scotland, which has an equal adult sex ratio, no effect of feeding on polygyny levels was found (Redpath et al., 2001) . It may be, therefore, that polygynous breeding is facilitated by a female biased sex ratio, but that this potential can only be realized given adequate food supplies.
Food had no significant effect on lay date or clutch size. We believe this was related to the time that males first started to take the supplementary food. Only 50% of all females breeding with Fed males, for which we had accurate lay dates, were paired with males that were seen taking food before laying commenced. So food levels for many of the Fed males may not have been effectively increased until after laying had started. However, in all cases of secondary females with accurate lay dates, males were seen to take food before laying had commenced. This seems a likely explanation for why supplementary feeding caused Fed males to have more breeding females yet had no significant effect on lay date or clutch size. In the supplementary feeding experiment conducted on the hen harriers in Langholm, most males were seen to take supplementary food before laying commenced (S. Redpath, pers. comm.) . This experiment again found no significant effect on lay date, but supplementary feeding did significantly increase clutch size (Redpath et al., 2001) . The difference in the effect of feeding on clutch size between the two experiments may be explained by the fact that males started taking food relatively earlier in the experiment at Langholm.
The lack of effect of supplementary food on hatching success was surprising, but could perhaps be due to the same reasons. If food levels were not effectively increased for many of the females before laying commenced, then their condition may also not have been increased before laying. Newton (1986) found that female sparrowhawks (Accipiter nisus) in better condition before incubation were more likely to hatch their clutch successfully. This may be the case with Orkney hen harriers. This idea is reinforced by the fact that hatching success of secondary females was significantly higher if they were mated with Fed males rather than with Control males. As stated previously, all Fed males with secondary females were seen to take food before their secondary females laid, therefore the condition of these females may have been higher before laying than the Controls or the primary females of the Fed males.
We do not present data in this paper relating to fledgling production as our experiment was aimed at specifically testing the hypothesis that food was limiting during the early stages of breeding. It is clearly of interest to know whether food is limiting during the nestling stage as well. Our data are not well suited to examining this question properly and this is clearly an issue that warrants further investigation.
Change in crow numbers and experimental removal of crows
The comparison of crow numbers between 1983 and 1999 was based on one set of counts in each year and data are unavailable on the degree of between-year fluctuations that may exist. However, accepting this limitation, the differences found did suggest that the number of crows wintering along the coast in Orkney had increased during these two time periods. How this increase would be reflected in the numbers of crows in or around harrier breeding territories on the moorland is unknown. YomTov (1974) found that the main proximate factor determining breeding success in crows was predation by conspecifics and that crow density was held at a constant level over time through 'defence territories' employed to reduce the predation risk from other crows. The observed increase in the number of crows wintering in Orkney may therefore not increase breeding density of crows on the moorland but rather increase the number or size of nonbreeding flocks present on the moorland. Meek et al. (1998) reported regularly seeing flocks of up to 25 apparently non-breeding hooded crows on the moorland in Orkney during 1996 and 1997. We also observed large flocks on the moorland; additionally the large number of crows that were caught on each harrier territory suggested there was a large surplus of non-breeders. A study of hooded crow predation on willow ptarmigan found that it was territorial crows that predated their eggs and that nonterritorial crows were not important egg predators (Erikstad, Blom & Myrberget, 1982) . Territorial crows apparently located nests by watching the movements of the hen to and from the nest. An increase in non-breeding crows in Orkney might therefore not affect breeding success greatly in hen harriers.
We found no effect of crow removal on any of the breeding parameters measured, indicating that crows alone did not affect levels of polygynous breeding, lay date, clutch size or hatching success. Reduction of food intake, through kleptoparasitism, is the only direct effect that crows are likely to have on these first three parameters. Attempted kleptoparasitism by crows was witnessed three times on Orkney in 1998, and was successful on only one occasion. Although we have no measures of kleptoparasitism between the groups, lack of effect of crow removal suggests that it was of little importance in controlling these parameters. Picozzi (1984a) considered hooded crows to be the main predator of hen harrier eggs in Orkney. Our artificial clutch experiment showed that hens' eggs placed in the moorland had significantly better survival rates in crow removal areas compared with controls. This indicates two points: first that crows appear to be, at least for these artificial clutches, important egg predators in Orkney, and second that our method of removing crows was successful at reducing predation pressure in these areas. Although removal of crows was not consistent between the two experimental years, the lack of any trend in any of the breeding parameters measured suggested that crows were not important in influencing any of the parameters we measured. Observations of interactions between crows and harriers suggested that if harriers were present at their nests, they were able adequately to defend them from crow predation (Amar & Burthe, 2001 ). Although crow removal had no detectable effect at the level of individual male territory, it is interesting to note that in 2000 there was significantly better hatching success than in 1999. The removal of over 300 crows may have reduced predation as a whole over all the areas and may explain this result. Additionally, this reduction in crow numbers may have reduced losses of potential harrier prey to crows, and thus provide more food to harriers overall. Our experiment would not be able to detect these large-scale changes; further removal of crows over a longer period would be needed to test these hypotheses.
CONCLUSIONS
Our main experimental finding was that the number of females breeding per male was limited by food. It should be noted, however, that because crows were also removed on Fed territories, the additive effect of supplementary food and decreased predation could not be completely eliminated as a potential cause of this result. However, the fact that crow removal had no effect on any of the breeding parameters in the Removal group, suggests that crow removal was of little overall consequence and was therefore unlikely to have had a strong confounding effect in the Fed group.
The hen harrier population on Orkney was once highly polygynous. When food availability declines, it is harder for males to supply secondary females with sufficient food to allow them to breed, and a reduction in polygynous breeding may occur. The increase in polygynous breeding through the provision of supplementary food indicates that the current low levels of polygynous breeding in Orkney are linked to low levels of food availability. Although secondary females have been shown to have poorer breeding success than primary or monogamous females (Picozzi, 1984a) , they still contribute to the population's overall productivity. Therefore the reduction in polygynous breeding results in an increase in the proportion of non-breeding females and is therefore likely to lower the overall productivity of the population. This lower productivity could therefore be causing or contributing to the decline in the Orkney hen harrier population.
The results from this study suggest that crow control in Orkney would be of little direct benefit to the harrier population. Conservation management for harriers should be directed towards increasing the food supply, perhaps by increasing the amount of rough grassland (Redpath & Thirgood, 1997) , especially during the early part of the breeding season.
